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1 Introduction

The last two decades have seen revolutionary changes in business tax policy. Following
the events of 9/11, the U.S. government introduced bonus depreciation as an effective tool
for economic stimulus. Later, the 2017 Tax Cuts and Jobs Act aimed to spark a new era of
growth by enacting the most significant tax reform since World War II. Both reforms lever-
aged a common mechanism: reducing the user cost of capital to boost investment and,
consequently, deepen the capital stock. This mechanism is featured in various models
that, despite critiquing the reforms on revenue or distributional grounds, typically do not
challenge the direct causal relationship between tax cuts, increased investment, and eco-
nomic growth. This paper questions that straightforward causal chain by introducing a
“leaky” channel of capital tax transmission building on McGrattan and Schmitz Jr. (1999).
I argue that not all parameters in the user cost remain constant with changes in tax policy,
particularly as capital maintenance—tax-deductible under current law—can affect the de-
preciation rate. Thus, if firms choose how much to maintain their capital and the return
on capital is taxed, then depreciation becomes endogenously linked to tax policy.

On the margin, firms maintain capital to make it last longer at the cost of an additional
unit of investment. Under tax and accounting rules, maintenance is treated as an oper-
ating expenditure and hence is tax-deductible while new investment is typically taxed,
which creates a tax wedge in the maintenance-investment decision. This policy wedge
throws a wrench in the government’s own plans for stimulus and growth because cuts
in the tax rate induce firms to maintain capital less intensively, which increases the de-
preciation rate. Depending on the elasticity of demand for maintenance, this distortion
may substantially attenuate the effect of capital tax policy on capital accumulation. In
the limit, the maintenance channel can make the capital stock completely tax-inelastic.
Hence, determining its importance is first order for positive and normative tax analysis.
That constitutes the goal for this paper.

It is not a new insight that tax policy matters for the maintenance-investment trade-off.
Indeed, McGrattan and Schmitz Jr. (1999) first pointed this out using a homogeneous cap-
ital neoclassical growth model. I expand on their important theoretical work to provide a
simple and flexible theory of capital maintenance that provides a guide to measurement
and, in turn, a guide to clearly evaluating the positive and normative consequences of
tax policy. The key theoretical extensions are a plausible assumption on the depreciation
technology, adjustment costs, and inclusion of heterogeneous capital. The first assump-
tion is most important because it yields a sufficient statistic framework that makes empir-
ical and quantitative analysis significantly easier in both the short run and the long run.
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When combined with adjustment costs, we can characterize short-run dynamics between
maintenance, investment, and depreciation as well as derive an empirically relevant and
testable relationship between maintenance and relative prices. Including heterogeneous
capital is particularly important because uniform capital taxation is not neutral when de-
preciation technologies vary by capital types and that can substantially change long-run
allocations of capital.

The theoretical analysis raises the question of what depreciation technologies look like
in practice. This is a difficult task because there are few reliable sources of maintenance
data. As a first step, I use data from two novel sources. First, I use the line item for capital
repairs from corporate tax filings by industry with the Statistics of Income from 1998-2022.
Following a methodology in the tradition of Cummins, Hassett, and Hubbard (1994) and
best exemplified by Zwick and Mahon (2017), I use cross-sectional variation in exposure
to exogenous tax policy changes to identify the maintenance elasticity. Second, I put to-
gether a novel dataset of railroad maintenance and investment behavior using Class I
freight rail financial filings with the Surface Transportation Board. Railroads are required
to provide detailed information on their maintenance expenditures broken down by what
is being maintained, how much of the expenditures are internal, and whether expendi-
tures are on parts or labor. This provides an ideal environment to study the elasticity of
demand for maintenance. I use variation in relative prices driven by variation in expo-
sure to tax policy and the labor component of maintenance expenditures across different
types of equipment to help identify the maintenance elasticity of demand. The freight rail
results agree with the industry filings that the maintenance elasticity is positive and likely
around one. Although it is questionable to directly apply results from freight railroads to
capital accumulation in general, the strong results are a call for microeconomists to put
greater effort into estimating the demand for maintenance in nonresidential capital. To
my knowledge, this effort is the first.

Finally, I drive home the significance of the maintenance channel using two quanti-
tative examples. First, I quantify the predicted effect of the 2017 Tax Cuts and Jobs Act
using the exact same model and calibration as Barro and Furman (2018) except I add
endogenous depreciation. Even modest values for the maintenance elasticity imply that
the long-run capital-labor ratio is significantly smaller than one would predict using the
standard neoclassical growth model.1 Second, I wrap up by discussing optimal policy.

1. This illustrates the more general principle that our estimates of the physical capital stock are as du-
bious as those of the intangible capital stock and are contingent upon a rather special application of the
perpetual inventory method which may be approximately right from one period to the next, but far from
accurate when applied repeatedly. Such criticism applies just as well to this paper, which relies on a slight
deviation from the perpetual inventory method but applies more generally to practically all quantitative
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Expanding the partial equilibrium model into general equilibrium, I nest the optimal pol-
icy analysis in the Chari, Nicolini, and Teles (2020) Ramsey model of capital taxation and
expand it to include capital maintenance and heterogeneous capital. I prove that the first-
best solution involves no distortion between maintenance and investment and provide a
back-of-the-envelope quantification for figuring out the size of the distortion using Lu-
cas (1990) as a benchmark. Because the gains to cutting taxes to zero are from a higher
capital-labor ratio, one can roughly think of the magnitude of the distortion as the extent
to which it attenuates the increased capital-labor ratio. This represents a large advance
because, to my knowledge, no paper has yet incorporated or evaluated the quantitative
importance of capital maintenance for optimal capital tax policy. Doing so yields a plau-
sible estimate on the welfare cost of the maintenance-investment distortion at around 5%
consumption-equivalent welfare.

In sum, despite a firm argument from McGrattan and Schmitz Jr. (1999) that mainte-
nance is “too big to ignore,” the channel is rarely accounted for in theoretical, empirical,
or quantitative tax policy analysis. Indeed, all of the main tax policy analysis models
from the government, think tanks, and academia rely on constant depreciation to predict
the likely growth and welfare effects of policy (Auerbach et al. 2017). Of course, such
models miss out on many parts of reality and by virtue of being models, that is a feature
rather than a bug. This paper, with simple theory, empirics, and quantification, aims to
convince tax policy researchers of all stripes that including a small adjustment for capital
maintenance is worth it.

Literature. This paper connects to a theoretical literature which deviates from the Hall
and Jorgenson (1967) tradition by making depreciation a function of relative prices. Al-
though Feldstein and Rothschild (1974) laid early groundwork with their analysis of opti-
mal capital replacement decisions, McGrattan and Schmitz Jr. (1999) inaugurated a small
but robust theoretical literature on the importance of endogenous capital maintenance.
That paper develops a homogeneous capital model of maintenance and investment, with
maintenance expenditures pinned down by the relative price of maintenance to invest-
ment and provides the original insight that depreciation is endogenous to tax policy. Sev-
eral other papers build on McGrattan and Schmitz Jr. (1999) in the areas of public cap-
ital maintenance (Kalaitzidakis and Kalyvitis 2004, 2005; Dioikitopoulos and Kalyvitis
2008), cyclical fluctuations (Albonico, Kalyvitis, and Pappa 2014), and investment theory
(Boucekkine, Fabbri, and Gozzi 2010; Kabir, Tan, and Vardishvili 2023). My contribu-
tion is a parsimonious theoretical framework grounded in the McGrattan and Schmitz

work.
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Jr. (1999) neoclassical model that provides a simple sufficient statistic approach to esti-
mating the maintenance elasticity of depreciation and its quantitative effects.2

I also contribute to an empirical literature documenting the relevance of capital main-
tenance. To date, most papers have relied on aggregate data from the Canadian An-
nual Capital Expenditures Survey because there are very few high-quality data sources.
For example, Albonico, Kalyvitis, and Pappa (2014) develop parametric estimates of the
cyclical elasticities of maintenance and depreciation using this source, while McGrattan
and Schmitz Jr. (1999) document the cyclical properties of maintenance with the Hodrick-
Prescott filter. Angelopoulou and Kalyvitis (2012) estimate an aggregate Euler equation
with endogenous depreciation. Other papers use cross-sectional data. Kabir, Tan, and
Vardishvili (2023) use maintenance data from Indian firms to document capital misallo-
cation and Kalyvitis and Vella (2015) estimate the productivity effects of infrastructure
maintenance expenditures for U.S. states. I expand on these studies by building a novel
maintenance and investment dataset using financial filings from Class I freight railroads.
I also use corporate tax filings. Together, these give the necessary variation for studying
the maintenance elasticity of depreciation.

Additionally, there is a rich theoretical literature that indirectly documents capital
maintenance as an economic choice. Goolsbee (1998) examines factors affecting the deci-
sion to retire airplanes. Retirement directly relates to maintenance because, rather than
maintain an old airplane, a firm simply invests in a new one. Focusing on an invest-
ment tax credit for a 13 year-old Boeing 707, Goolsbee finds that moving the investment
tax credit from zero to 10% increases the probability of retirement from 9% to 12%. If
we interpret depreciation rates as reflecting the probability an asset becomes useless to
the firm in a particular year—whether through obsolescence, retirement, failure, or some
other cause—then Goolsbee’s finding suggests that the depreciation rate is quite elastic
with respect to the tax rate. Relatedly, Goolsbee (2004) convincingly argues that the qual-
ity elasticity of capital with respect to the cost of capital is around 0.5%, where quality
is roughly measured with maintenance expenditures per unit of capital. Moreover, my
empirical estimates relate to work from Grimes (2004), which studies the relationship be-
tween maintenance and capital expenditures in the freight rail industry and documents
that they are intertemporally substitutable, which is a key part of the theory in this paper.

2. There has been significant theoretical work linking utilization to depreciation (Greenwood, Hercowitz,
and Huffman 1988; Justiniano, Primiceri, and Tambalotti 2010) and utilization and maintenance together to
depreciation (Boucekkine, Fabbri, and Gozzi 2010; Kabir, Tan, and Vardishvili 2023). While undoubtedly
correct and important that utilization plays a role in the depreciation of capital and utilization is endoge-
nous, I focus solely on maintenance in this paper because it more clearly isolates the theoretical channel I
am interested in.
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Additionally, economists have documented a clear connection between maintenance and
depreciation in the housing literature. For example, Knight and Sirmans (1996) study the
effect of maintenance on housing depreciation and find that poorly maintained homes
depreciate significantly faster than their well-maintained counterparts, while Harding,
Rosenthal, and Sirmans (2007) find that housing depreciates about 0.5 percentage points
less per year after accounting for maintenance. I build on this literature to directly esti-
mate the maintenance demand elasticity with freight rail data.

Arguably, the key limitation to this study relates precisely to other types of “hidden”
investment like intangibles (Crouzet et al. 2022) and sweat equity (Bhandari and McGrat-
tan 2021). Depreciation is made up of two components: obsolescence and physical wear
and tear. The type of maintenance in this paper only addresses the latter and not the
former because it is entirely about physical capital. However, the majority of the capital
stock is arguably intangible (Bhandari and McGrattan 2021), which means that its de-
preciation is largely obsolescence and hence has little to do with this paper’s concept of
maintenance.3 As a result, this study only speaks to the physical capital stock, which is a
small share of the total capital stock. However, both quantitative and empirical tax anal-
yses continue to focus almost exclusively on tangible capital. Tax policy models from the
Joint Committee on Taxation, the Penn Wharton Budget Center, the Congressional Bud-
get Office, the Tax Foundation and many other workhorse models for tax policy analysis
focus largely on tangible capital. This signals that there is utility in measuring tangible
capital maintenance properly even if it has to be scaled down in importance by the extent
to which intangibles are more significant.

Finally, this work relates to a theoretical literature on optimal capital taxation in gen-
eral equilibrium. I prove that it is optimal to not tax capital in the steady state in the
neoclassical benchmark model augmented with maintenance and heterogeneous capital.
One might think that maintenance acts like an untaxed factor in Correia (1996), which
could potentially result in a positive optimal tax rate, but that is not the case here. My
work extends results from Chari, Nicolini, and Teles (2020), but does not address issues
about convergence raised by Straub and Werning (2020). More generally, my results stem
from an old literature dating to Lucas (1990) on quantifying the welfare gains to cutting
taxes to zero. My results indicate that accounting for the presence of the maintenance
distortion may cut them in half.

Roadmap. In Section 2, I develop a theoretical framework to analyze the positive and

3. Exercise of market power would have large effects on depreciation of this kind of capital and in that
sense, could be thought of as maintenance.
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normative consequences of elastic and heterogeneous demand for capital maintenance.
In Section 3, I evaluate the empirical relevance of the maintenance channel for tax pol-
icy. In section 4, I show why accounting for maintenance matters quantitative tax policy
analysis. Section 5 concludes.

2 The Transmission of Tax Policy with Capital Maintenance

Before getting into the formal model, it is useful to informally review how adding the
maintenance channel to the standard investment theory fundamentally alters its predic-
tions. The standard theory says that capital tomorrow Kt+1 is a function of capital today,
a constant depreciation rate δ, and investment Xt, leading to the usual law of motion for
capital

Kt+1 = Xt + (1 − δ)Kt.

Given some initial level of capital K0, it is clear that the level of capital at any point in time
is a function only of previous investment choices. With some production function F(Kt),
the economics of optimally choosing investment are straightforward: equate marginal
benefit to marginal cost. The marginal benefit of an extra unit of investment today is the
marginal product of capital tomorrow, FKt+1 . The marginal cost consists of four standard
objects: the price of investment p, the discount rate rk, the depreciation rate δ, and the
capital tax rate τ. The price and the tax rate play the same role: they directly determine
how costly investment is today. A higher price or a higher tax rate by definition make it
more expensive to purchase capital. Because investment is intertemporal, depreciation
and the discount rate tell us how costly investment is given that it will not be used until
tomorrow; they are the opportunity cost of forgoing present expenditures for expendi-
tures which only have value in the future. Putting these elements together and assuming
∆t small or that the firm is in steady state, we arrive at the standard user cost of capital
which motivates an enormous body of empirical and theoretical work in public finance
and macroeconomics:

FK =
p

1 − τ

(
rk + δ

)
. (1)

It is this paper’s contention that a second kind of investment, namely capital mainte-
nance Mt, substantially changes the standard investment theory, which then gives quite
different predictions for the effects of tax policy on capital accumulation. Maintenance ex-
penditures are expensed costs on capital, labor, and intermediate inputs to restore, repair,
or ensure continued productivity of existing capital, but do not improve the productiv-
ity of existing capital. Whereas the standard model gives only one way for the firm to
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change its capital stock, maintenance evidently gives a second.4 It is natural to think
that, for example, FedEx may either do an excellent job maintaining its existing fleet of
vehicles and allow them to age, or to instead to allow them to wear down more quickly
and replace vehicles at a greater frequency. Through this example, it becomes clear that
maintenance affects the capital stock indirectly through the depreciation rate; a higher in-
tensity of maintenance makes capital last longer. On the other hand, it is difficult to think
that the same is true for intangibles. Depreciation is, in principle, two components: obso-
lescence and physical wear and tear. By definition, only the former can affect intangibles
and can perhaps be influenced by exercising market power. This study focuses only on
the physical component via maintenance and so abstracts entirely from obsolescence.

More formally, we can write the depreciation rate as δ(mt), where mt ≡ Mt
Kt

. With
that in mind, it is obvious enough why maintenance qualifies as a type of investment,
but substantially less obvious why it is a hidden investment in the same way that R&D or
intangible expenditures are. The reason is that, like intangibles, it is expensed and hence
tax-deductible because it disappears under the blanket category of operating expenses.
Consequently, maintenance is not capitalized, does not appear in national income data,
and we generally do not know how important it is.

A firm intent on choosing a sequence of optimal maintenance expenditures would
equate the marginal cost of maintenance against its marginal benefit. The marginal bene-
fit is that capital depreciates slightly slower, which is captured by −δ′(mt). The marginal
cost is a unit of foregone investment, which is determined by the relative price of mainte-
nance to investment. Letting qt denote the pre-tax price of maintenance, the firm equates
marginal benefit with marginal cost exactly when

−δ′(mt) =
qt(1 − τt)

pt
. (2)

That is, firms determine how intensively to maintain their capital based on balancing the
marginal benefit of maintaining existing capital against investing in new capital. Because
of the preferable tax treatment of maintenance, it is as if tax policy subsidizes mainte-
nance. This leads to an additional element of the user cost of capital, namely that an
additional unit of capital must be maintained at price q:

FK =
p

1 − τ

(
rk + δ(m∗)

)
+ qm∗, (3)

4. There are, of course, many ways that firms can change their capital stocks beyond investment and
maintenance. Albonico, Kalyvitis, and Pappa (2014) and Kabir, Tan, and Vardishvili (2023) along with an
old macroeconomic literature give a role to utilization, while Goolsbee (1998) highlights scrappage deci-
sions.
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where m∗ is the optimally chosen maintenance rate given prices. One can see immediately
how user cost differs between (1) and (3). Compared to (1), there is an additional term
for maintenance, which means that the level of user cost is higher. But more importantly,
the former is a function only of exogenous parameters whereas the latter is a function of
exogenous parameters and the endogenous equilibrium allocation of maintenance, which
is itself a function of tax policy. Increases in τ cause maintenance to rise and depreciation
to decline, thereby offsetting, to some extent, the pernicious effect on capital accumulation
induced by the tax increase. In that sense, what really matters is the derivative of user cost
with respect to tax policy and not simply its level.
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Figure 1: Comparing user costs and capital-labor ratios for differing values of ω. Given ω, γ is set such
that user cost is the same at the undistorted steady state. I set rk = 0.04 and α = 0.4 for this exercise.

Depending on the elasticity of demand for maintenance, the tax wedge in (2) may
yield quite different results for the resulting long-run allocation of capital. For example,
suppose output per capita is given by yt = kα

t . Moreover, suppose the depreciation tech-
nology is given by δ(m) = γm−ω, a functional form which will be central to the rest of the
paper and which I will explain in greater detail shortly. ω is the maintenance elasticity
of depreciation. ω = 0 corresponds to the standard neoclassical investment theory with
constant depreciation, while ω > 0 introduces curvature into the depreciation technology.
In Figure 1, I plot steady state user cost and the resulting capital-labor ratio for values of
ω = {0, 0.5, 2} with the parameter γ set such that initial user cost and the capital-labor
ratio are the same when τ = 0. Clearly, as ω rises, which is equivalent to the endogenous
response of depreciation becoming stronger, the effect of tax policy on capital accumula-
tion wanes precisely because the user cost of capital becomes relatively inelastic.
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The preceding analysis presents a problem for tax policy analysis in the sense that
we can no longer hold all else equal when analyzing changes in the user cost of capital
induced by tax policy. This point was first made by McGrattan and Schmitz Jr. (1999) and
a large share of the preceding discussion simply reiterates the key point of that paper.
In the following subsection, I develop a model to formalize the mechanisms described
informally above. This builds on McGrattan and Schmitz Jr. (1999) by expanding the
neoclassical model to include heterogeneous capital and adjustment costs which, along
with a couple of novel theoretical developments, provide a new framework for analyzing
tax policy empirically and quantitatively when maintenance is an economic decision.

2.1 Model

Consider a representative firm that produces an output good Yt with finite N capital types
K1,t, . . . , KN,t and labor Ht according to production technology

Yt = F(K1,t, . . . , KN,t, Ht), (4)

where F(·) is twice continuously differentiable in each argument with positive and di-
minishing marginal products. The firm owns its own capital stock. Firms choose how
much to maintain existing capital in addition to choosing how much to invest in new
capital. Following McGrattan and Schmitz Jr. (1999), I impose the following restrictions
on the relationship between maintenance and depreciation:

Assumption 1. A depreciation technology δi(mi,t) transforms a rate of maintenance mi,t ≡
Mi,t
Ki,t

into capital Ki,t. δi(mi,t) has the following properties on the domain mi,t ∈ (0, ∞):

1. Strictly positive: δi(mi,t) > 0;

2. Strictly convex and twice continuously differentiable: δ′i(mi,t) < 0 and δ′′i (mi,t) > 0;

3. The inverse of −δ′i(mi,t) exists and is strictly positive.

The restrictions on the depreciation function are to ensure that it is well-behaved. De-
preciation cannot be negative with maintenance because that would imply an improve-
ment, which is a capital expenditure, and hence ruled out by definition. The second
property guarantees that additional maintenance decreases the depreciation rate; the op-
posite is intuitively implausible. The third restriction guarantees a positive demand for
maintenance.5 Given a convex adjustment cost, the law of motion for capital type i is

5. This rules out some intuitively plausible functional forms like δi(mi,t) = a exp{−bmi,t} for a, b > 0
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given by

Ki,t+1 = (1 − δi(mi,t))Ki,t + Xi,t −
bi

2

(
Xi,t

Ki,t
− δi(mi)

)2

Ki,t. (5)

This is a fairly standard adjustment cost in the investment literature. I discuss other vari-
ants later on. Note that δi(mi) is a long-run equilibrium object, which is steady-state
depreciation as a function of maintenance.

Every period, the firm chooses how much to maintain capital type i at price qi,t or in-
vest in new capital i at price pi,t. Tax policy creates a wedge in that decision. Reflecting
prevailing policy practice for decades, maintenance is fully tax-deductible from a profit
tax τc

t , while investment receives a different tax treatment reflecting investment tax credits
and tax depreciation allowances. Let investment tax policy be summarized by the param-
eter τx

i,t. One can think of this as combining the investment tax credit and the net present
value of tax depreciation allowances which typically show up in a Jorgenson-style user
cost approach (e.g., Barro and Furman (2018)). In most models and in practice, these two
aspects of the tax system account for most of why taxes differ between asset types. The
firm pays out dividends given by

dt = (1 − τc
t )

(
Yt − wtHt −

N

∑
i=1

qi,tMi,t

)
−

N

∑
i=1

(1 − τx
i,t)pi,tXi,t. (6)

Taxes are stochastic in a sense that will be defined in Section 2.3. Given a path of prices
P = (p, w, q) and tax policies T = (τc, τx

i ), exogeneous processes for the tax policies, a
discount rate rk ≥ 0, the firm chooses sequences of capital, maintenance, investment, and
labor to maximize the expected net present value of dividends subject to (5) and (18). This

because some combinations of positive a and b imply a negative demand for maintenance. However, the
semi-log form is unattractive because it implies depreciation is linear in marginal tax rate, which is an
extreme prediction.
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implies the following optimality conditions:

FHt = wt (7)

−δ′i(mi,t)λi,t = (1 − τc
t )qi,t (8)

(1 − τx
i,t)pi,t = λi,t

(
1 − bi

(
Xi,t

Ki,t
− δi(mi)

))
(9)

λi,t

(
1 + rk

)
= Et

{
(1 − τc

t+1)FKi,t+1 + λi,t+1

[
1 − δi(mi,t+1) + δ′i(mi,t+1)mi,t+1

− bi

2

(
Xt+1

Ki,t+1
− δi(mi)

)2

+ bi

(
Xi,t+1

Ki,t+1
− δi(mi)

)
Xi,t+1

Ki,t+1

]}
. (10)

where (8) and (10) apply to all capital types i = 1, . . . , N and λi,t is the multiplier on (5) for
capital type i. The system of equations defining the firm’s optimality conditions present a
different response to tax changes in both the long run and the short run than our existing
models for tax analysis. I discuss each in turn.

2.2 Equilibrium Allocations in Steady State

In the long run, there are no adjustment costs, which means that λi = (1 − τx
i )pi. Be-

cause of that, permanent changes in tax policy feed into the depreciation rate through
permanent changes in maintenance. An increase in the common tax rate τc

t decreases the
relative price of maintenance, while an increase in τx

i,t raises the relative price. In fact, the
marginal condition can be written as

−δ′i(mi) = (1 − τi)
qi

pi
,

where 1− τi ≡ 1−τc

1−τx
i

is the marginal effective tax rate on capital type i. This is the formally
derived version of (2). Toward making a more definitive statement about the effect of tax
changes, I impose a functional form on the depreciation technology. Although many
functions fit the restrictions in Assumption 1, it turn out that a power function is most
convenient for empirical and quantitative applications.6

Assumption 2. The depreciation technology is a power function

δi(mi,t) = γim
−ωi
i,t , γi, ωi > 0. (11)

6. Greenwood, Hercowitz, and Huffman (1988) assume a concave power function for depreciation as
a function of utilization and Kabir, Tan, and Vardishvili (2023) use a related functional form for jointly
studying maintenance and utilization.
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Given Assumption 2, depreciation is summarized by two parameters: a level param-
eter γi and an elasticity parameter ωi. ωi captures the maintenance elasticity of deprecia-
tion, while γi captures a level effect. For the same elasticity, a higher value of γi leads to a
higher demand for maintenance, which corresponds to the notion of quality in Goolsbee
(2004). Assumption 2 gives two nice properties of the demand for maintenance and the
relationship between maintenance and investment.

Proposition 1. Under Assumption 2,

1. The elasticity of demand for the maintenance rate is −1
1+ωi

.

2. The elasticity of substitution between the maintenance rate and the investment rate is
ωi

1+ωi
, which is also the price elasticity of the depreciation rate.

Part 1 of Proposition 1 follows directly from manipulation of the first-order condition
for maintenance, while Part 2 follows from combining the steady-state law of motion for
capital with the maintenance first-order condition.7 There are two implications. The first
simply refers to measurement. Given data on prices, maintenance, and investment, it is
a straightforward task to identify the maintenance elasticity of depreciation. In fact, data
on gross investment and prices are sufficient to measure the maintenance elasticity, some-
thing I show more formally and apply to a long panel of Compustat firms in Appendix E.8

Note that while the maintenance rate and depreciation rate move in opposite directions,
the absolute value of price sensitivity for maintenance is strictly less than the price sensi-
tivity of depreciation as long ωi > 0. Indeed, the elasticities themselves move in opposite
directions. As ωi → ∞, the price elasticity of the depreciation rate approaches one while
demand for maintenance becomes perfectly inelastic. Intuitively, that is because a higher
ωi implies that smaller movements in maintenance can generate larger changes in depre-
ciation, so the firm does not need to change its maintenance intensity very much. ωi → 0
implies that the elasticity of demand for maintenance approaches one while deprecia-
tion becomes price-inelastic. In this case, the level parameter determines maintenance
and depreciation. Hence our assumptions on depreciation restrict both depreciation and
maintenance price elasticities from having elasticity of demand greater than unity.9

7. Note that Proposition 1 is specific to the maintenance rate and not the level; the maintenance rate
of capital type i is a function of parameters specific to its own type, but the level of maintenance is not.
Changes in the capital stock of other capital types j ̸= i increases the level of maintenance demanded for
capital type i, but not the maintenance rate.

8. In Appendix A, I discuss an alternative interpretation of (8) based on measurement error for depreci-
ation rates.

9. This follows from convexity of the depreciation technology.

12



A more direct way to understand what’s going on with maintenance and depreciation
is through the user cost of capital. In steady state and assuming pi = qi,

Ψi =
rk + δi(m∗

i )

1 − τi
+ m∗

i , (12)

where I again write m∗
i to emphasize that it is an equilibrium allocation determined by

relative prices and not simply a parameter. The larger ωi is, the more responsive δi(m∗
i )

will be to relative prices and the less responsive m∗
i will be. That acts as an anchor on the

user cost and directly attenuates how responsive it can be to changes in tax policy, with a
corresponding dampening effect on capital accumulation through the marginal product
of capital. This last revelation indicates that the maintenance-investment distortion may
severely attenuate the effectiveness of tax policy compared to the standard model.

At this stage, I introduce the notion of the tax semi-elasticity of the user cost of capital,
which governs how responsive user cost is to changes in tax policy. This quantity is either
irrelevant or unexplored in standard models of investment theory because the user cost is
simply a function of exogenous parameters, which means that it is invariant across capital
types:

dΨi

dτi

1
Ψi

=
1

1 − τi
. (13)

When ωi > 0 for at least one capital type, it is no longer true that the tax semi-elasticity is
the same for all capital types and indeed will depend on the price sensitivity of deprecia-
tion.

Proposition 2. Under Assumption 2, the tax semi-elasticity of user cost is given by

εΨi =
1

1 − τi

1 − ωi

1 + ωi

 Ai (1 − τi)
ω

1+ωi

rk + Ai (1 − τi)
ωi

1+ωi

 , (14)

where Ai ≡ γi (1 + ωi) (γiωi)
−ωi

1+ωi . When rk > 0, the elasticity is decreasing in ωi and γi. When
rk = 0, the elasticity depends only on ωi and is given by

εΨi =
1

1 − τi

(
1 − ωi

1 + ωi

)
. (15)

Proposition 2 is a generalization of the standard investment theory. As long as ωi = 0,
then our analysis collapses to the standard model and depreciation is merely a technical
rather than an economic parameter. If, as is almost surely true, maintenance is an eco-
nomic decision, then constant depreciation models overstate the effects of tax policy on
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capital accumulation.
Another interpretation comes from a point made by House (2014) and echoed by Koby

and Wolf (2020) and Winberry (2021). Because structures have such a low depreciation
rate, they have a larger price semi-elasticity than equipment. This is equivalent to placing
all of the emphasis on the γ parameter in Proposition 2. In that sense, my result agrees
with theirs because we are both emphasizing the importance of variation in depreciation
technologies. However, Proposition 2 also emphasizes the importance of differential cur-
vature in the depreciation technology, which goes a step beyond the usual intuition by
noting that the already small depreciation may adjust upward if taxes decline. In princi-
ple, that slackens the effect postulated by House (2014).

Assuming Cobb-Douglas production, we get a convenient corollary for Proposition 2.

Corollary 1. Suppose rk → 0. With Cobb-Douglas production and one capital type, the tax
elasticity of capital and output per capita are

εk = − 1
1 − α

τ

1 − τ

(
1 − ω

1 + ω

)
(16)

εy = − α

1 − α

τ

1 − τ

(
1 − ω

1 + ω

)
. (17)

The tax elasticity of the capital-labor ratio is one of the most important quantities in
tax policy analysis. Indeed, Barro and Furman (2018) note that it drives their results in
predicting very large growth effects of the 2017 Tax Cuts and Jobs Act. Quantitatively,
higher values of εk imply larger welfare gains to cutting capital taxes to zero in Ramsey
models. And yet, the existence of the maintenance-investment distortion implies that
productivity effects of cutting taxes may be substantially mitigated depending on the
value of ω and indeed are observationally equivalent to having a lower capital share.
Holding fixed α = 1/3, a maintenance elasticity ω = 1 is the same as having a capital
share of 0.2, which clearly has large quantitative implications. Additionally, it is clear
that as ω → ∞, εy → 0, which is the same as saying that tax policy becomes irrelevant
as the elasticity of demand for maintenance becomes perfectly inelastic. This is not likely,
but demonstrates the relevance of figuring out how large the elasticity is empirically.

Proposition 2 also highlights the non-neutrality of tax policy when there are multiple
capital types. As long as rk > 0, then any variation in depreciation technologies implies
differential tax elasticities. That is, when rk > 0, a sufficient condition for differing tax
elasticities of capital is that either γi ̸= γj or ωi ̸= ωj. To illustrate why this matters,
consider a firm with two capital types: equipment and structures. In intensive form,
steady-state output is given by y = kαE

E kαS
S . Letting αE = αS = 0.4, each capital type has
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its own depreciation technology characterized by (γi, ωi). I set ωS = 0.25, ωE = 1, and
γE = γS = 0.01. Under this calibration, the undistorted steady state maintenance rate
and investment rate for equipment are mE = 0.1 and xE = 0.1, while the corresponding
rates for structures are mS = 0.008 and xS = 0.03. Recall that the steady-state depreciation
rate is the investment rate. The quality parameters are equivalent to isolate the effect of
the maintenance elasticity. Both equipment and structures are taxed at the same rate τc.

From now on, I describe the standard tax analysis as “NGM” corresponding to the
neoclassical growth model because it is the starting point of most analyses and the en-
dogenous depreciation model as the NGMM. In Figure 2, I plot the steady-state alloca-
tions of investment, maintenance, capital, and the composition of capital for a varying
common tax rate τc for both the and the NGMM. The NGM is calibrated such that it has
the same initial allocations at the undistorted optimum. In Figure 2a, the steady-state in-
vestment rate (solid lines) declines for both structures and equipment under the NGMM,
while there is no response of the investment rate to tax policy in the NGM (dashed lines).
Because equipment has a higher maintenance elasticity than structures, the investment
rate responds more for equipment, in line with Proposition 1. Figure 2b shows that as tax
rates rise, NGMM maintenance rates strongly respond, while by construction the NGM
maintenance rates are constant. Indeed, maintenance rates respond proportionally more
than investment rates; that follows from the curvature of the depreciation technology.
The key policy question is the long-run effect of taxes on capital allocations. In Figure
2c, I plot the ratio of capital in the NGMM to its corresponding type in the NGM. For
the same calibration, the effect of capital tax policy on long-run allocations is attenuated
by the maintenance channel; there is about 40% more equipment in the NGMM than the
NGM and 20% more structures capital. Figure 2d indicates that uniform tax policy is not
neutral when depreciation technologies are not precisely equivalent. Whereas the NGM
ratio of equipment to structures is invariant to tax policy, the NGMM ratio is not.
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Figure 2: Comparing NGMM to NGM investment and maintenance rates, capital allocations, and
capital composition.

2.3 Dynamic Adjustment

With intuition established about the long run, we can make the analysis more complete
by considering the dynamic relationships between maintenance, investment, and depre-
ciation and how closely they approximate the frictionless solution. Suppose tax policies
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follow exogenous AR(1) processes given by

τc
t+1 = ρτc

t + (1 − ρ)τc + vt (18)

τx
i,t+1 = ρτx

i,t + (1 − ρ)τx
i + vi,t, i = 1, . . . , N (19)

where vi,t and vt are mean-zero normally distributed shocks, ρ < 1 is the persistence of
the shock, and τc is the steady-state corporate tax rate.

Let variables with a tilde denote their percent deviation from steady state and let xi,t ≡
Xi,t
Ki,t

.

Proposition 3. Maintenance, investment and depreciation are related through

m̃i,t =
1

1 + ωi

(
τ̃c

t
1 − τc −

τ̃x
i,t

1 − τx
i
− biδi(mi)x̃i,t

)
(20)

δ̃i(mi,t) =
−ωi

1 + ωi

(
τ̃c

t
1 − τc −

τ̃x
i,t

1 − τx
i
− biδi(mi)x̃i,t

)
. (21)

Proposition 3 follows from manipulating the first-order conditions and log-linearizing
around the steady state, which shows that the adjustment cost spills over into mainte-
nance and depreciation adjustment. Appendix B contains the full set of log-linearized
conditions along with impulse responses to tax policy shocks. Whereas under the fric-
tionless case, maintenance and depreciation adjust instantaneously, that effect is ampli-
fied here by the adjustment cost. With investment unable to rapidly adjust, maintenance
adjusts even more and hence the deviation of capital from steady state is decreasing in
the adjustment cost. One can see that in Figure 10. Comparing a tax shock for two sets
of adjustment costs and maintenance elastictities suggests that when the adjustment cost
is larger, capital deviates less from its steady-state value because maintenance responds
even more strongly. In that sense, investment and maintenance rates are more substi-
tutable as the adjustment cost increases.

Regardless of the adjustment cost, however, maintenance and investment levels co-
move. This finding echoes similar quantitative and theoretical findings from Albonico,
Kalyvitis, and Pappa (2014) and Boucekkine, Fabbri, and Gozzi (2010). The logic is simi-
lar for adjustment cost formulations on investment growth as in Christiano, Eichenbaum,
and Evans (2005).10 Note, however, that the adjustment cost function differs from the

10. One may also want to consider adjustment costs for maintenance, but we have very little evidence on
its cyclical properties. Albonico, Kalyvitis, and Pappa (2014) provide model-based evidence that it is pro-
cyclical. Moreover, what evidence we do have indicates that adjustment costs for maintenance are minimal
(Bitros 1976).
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standard one in the sense that permanent shocks also permanently change the deprecia-
tion rate, which means that it is critical for shocks to be temporary for the cost function to
make sense.

Consider instead an alternative adjustment cost function given by

Φ (Ki,t+1, Ki,t) =
ai

2

(
Ki,t+1

Ki,t
− 1
)2

Ki,t. (22)

This cost function is relatively popular; Albonico, Kalyvitis, and Pappa (2014) adopt this
adjustment cost assumption in their study of the cyclical properties of depreciation and
maintenance and Koby and Wolf (2020) use something similar. Here, the optimality con-
dition for maintenance is unchanged from the frictionless case, which means that main-
tenance and depreciation jump instantaneously in response to a shock. In this case, in-
vestment reacts more strongly than the constant depreciation case because the immedi-
ate change in depreciation moderates the growth of the capital stock, which reduces the
adjustment cost per unit of additional investment. Depending on how sluggishly in-
vestment responds and the magnitude of the maintenance elasticity, capital may initially
shrink on net following a tax cut, but that is a borderline case.

3 Endogenous Maintenance: Two Sources of Evidence

To date, there is little empirical evidence on how capital maintenance responds to relative
price changes or, equivalently, to tax policy. The typical sources for analyzing capital ex-
penditures do not have maintenance data. For example, Compustat has no information
on maintenance at the microeconomic level and the National Accounts does not collect
any data on capital maintenance. This presents a challenge for testing the economic rela-
tionship between maintenance and prices. An alternative specification would test the re-
lationship between depreciation and maintenance, but that is even more difficult because
depreciation rates are rarely updated by the Bureau of Economic Analysis. 11 In this sec-
tion, I provide direct empirical evidence of the transmission of tax policy to maintenance
rates using two sources of data which, to my knowledge, have not been leveraged before
for this purpose. First, I use the industry tables from the Statistics of Income from the

11. Canada has historically collected data at the national level on capital maintenance, but the frequency
with which they change the survey makes it difficult to use as a time series and the cross-sectional variation
across regions is limited. However, in line with this paper’s theory, Statistics Canada has updated their
depreciation rates twice in the last twenty years and found an increase in depreciation coinciding with a
trending decline in capital tax rates (Baldwin, Liu, and Tanguay 2015).
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Internal Revenue Service, which provides data on maintenance and repair costs. Second,
I use microeconomic evidence from freight rail.

The organizing principle for both pieces of evidence comes from the log-linearized
relationship between the maintenance rate m and the relative price of maintenance P.
Given some unit of observation j at time t, the relationship between maintenance and
relative prices is roughly

m̃j,t = − 1
1 + ω

P̃j,t, (23)

with some additional terms if there is an investment adjustment cost. Plausibly exoge-
nous variation in relative prices across units and over time are then sufficient to identify
the elasticity of demand for maintenance intensity. Under the standard view, the coeffi-
cient on a regression of the maintenance rate on the relative price would be equal to one.
That is, maintenance would adjust one-for-one with the capital stock, which means that
depreciation would not move at all. By contrast, we require demand for the maintenance
rate to be relatively inelastic. I subsequently discuss in detail how I apply this at the firm
level for Class I freight rail and at the industry level using corporate tax records.

3.1 Evidence from Freight Rail

In this subsection, I provide direct evidence of a connection between relative prices and
maintenance expenditures from freight railroads. I construct a novel dataset of mainte-
nance investment expenditures for Class I freight railroads using financial filings with
the Surface Transportation Board. Only freight rail and airlines are required by law to
provide detailed data on their maintenance and repair expenditures. I focus on the for-
mer because its maintenance activities are significantly less regulated by the government
than the airline industry’s. This study follows up on Bitros (1976) and Grimes (2004), who
also study the determinants of maintenance policy using freight rail data, but without the
objective of studying its response to relative prices.

By regulation, any freight railroad with revenue exceeding $250 million must file an
annual R-1 report with the Surface Transportation Board. The R-1 report can be thought
of as a much more granular version of a 10-K filed by a publicly traded corporation. For
example, it contains hundreds of line items for individual types of operating expenditures
that would normally be summarized in one or two in a 10-K. It also details the size and
composition of its property, plant, and equipment in value and quantities, its trackage by
state, taxes paid, capital expenditures, and so on. Most importantly, it contains detailed
data on maintenance expenditures by capital type as well as how those expenditures were
allocated by labor and parts, both internally and externally.
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With that in mind, freight rail is an ideal setting to study maintenance decisions. Its
capital stock is almost entirely physical and made up of a mix of rolling stock (locomotives
and freight cars) and fixed plant. Since 1980, it has largely deregulated and since the
mid-1990s, the industry has settled into a stable competitive equilibrium with around
seven large companies carrying most of the United States’ freight traffic: CSX Industries,
Burlington Northern & Santa Fe, Union Pacific, Norfolk Southern, Kansas City Southern,
Soo Line, and the Canadian National Railway. All of these railways own their tracks
and equipment and have faced relatively little financial trouble over the past 25 years.
I focus on how maintenance responds to relative prices in those seven companies from
1996-2019.

Each R-1 report contains about twenty different “schedules” which correspond to dif-
ferent information about the railroad. For example, Schedule 410 has several hundred line
items on different operating expenses broken down by labor and material cost. These ex-
penditures are largely maintenance on different aspects of railway operations from tracks
to rail ties to electrical systems, and so on. For this paper, I maintain a relatively narrow
focus on freight cars and locomotives because they are easiest to identify in the data, al-
though there is probably interdependence between maintenance of one capital type and
another.

We require two variables to help identify (23): a maintenance rate and a relative price.
I give a detailed discussion of data construction in Appendix D.3 and will go through it
briefly here. Maintenance rates come directly from R-1 filings. For each capital type, they
are the sum of maintenance and repair expenditures which can be tied directly to the type
of capital divided by the book value of the net capital stock. Second, relative prices come
from a weighted average of labor and parts prices divided by an investment deflator mul-
tiplied by the tax term 1 − τj,t. Labor prices come from the wage index for maintenance
workers. Parts prices are from the parts PPI for either locomotives or freight cars from
the BLS. The investment deflator is the PPI for either freight cars or locomotives from the
BLS. The tax term is constructed by taking advantage of regional variation in tax rates;
freight firms pay different taxes because they are in different states and those states differ
in how they allow bonus depreciation and levy taxes. With that in mind, relative prices
may vary between firms and capital types for three reasons. First, because firms differ in
their geographic concentration, they also vary in their exposure to state-level tax policy
differences. Second, because capital types differ in their maintenance labor intensities,
maintenance prices differ between capital types. Third, investment prices differ for loco-
motives and freight cars. Putting that together, there is variation between capital types
and firms in their exposure to relative price changes.
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(a) Freight Cars (b) Locomotives

Figure 3: The relative price of maintaining freight cars (left) and locomotives (right). The degree of shading
corresponds to the strength of bonus depreciation.

I rely on exactly that variation between firms and capital types in their exposure to
relative prices to help identify the coefficient β in the panel regression

mi,j,t = αij + κj + βq̃i,j,t + Controls + ϵi,j,t, (24)

where mi,j,t is the firm i and capital type j maintenance rate at time t, αij is a fixed effect for
firm i’s maintenance of capital type j, and P̃i,j,t is the relative price. The research design is
similar in spirit to Zwick and Mahon (2017). I do not use a time fixed effect for the main
regressions because the tax treatment is not substantially different enough between firms
and types to get very much variation out of the tax term. Instead, I include a time trend
and control for growth in real aggregate output and productivity growth of the freight
rail sector, where the former is obtained from FRED and the latter from the Bureau of
Transportation Statistics.

In Table 1, I present estimates of (24), where standard errors are clustered by firm
and capital type. I also include corresponding estimates of the tax term because one
may be concerned that chosen maintenance labor intensities are endogenous but policy
is not. Throughout all specifications, the coefficient on the relative price is significantly
negative. Most estimates of the maintenance elasticity are between 0.4 and 1. The sixth
column gives a negative estimate of the maintenance elasticity, but that comes from the
dynamic multiplier on the lagged maintenance elasticity.
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(1) (2) (3) (4) (5) (6)

Relative Price -0.693 -0.648 -0.247
(0.170) (0.162) (0.102)

Investment Rate 0.092 0.040 0.110 0.040
(0.021) (0.062) (0.025) (0.060)

Lagged Maintenance Rate 0.597 0.649
(0.147) (0.150)

(1 − τj,t) -0.282 -0.208 -0.258
(0.099) (0.125) (0.092)

∆ log GDPt -1.120 -1.209 -0.550 -1.028 -1.135 -0.504
(0.432) (0.440) (0.399) (0.420) (0.438) (0.410)

∆ log TFPt 0.095 0.072 0.207 -0.117 -0.128 0.159
(0.107) (0.115) (0.070) (0.100) (0.109) (0.092)

ω̂ 0.442 0.542 0.634 2.551 3.812 0.358

N 336 336 320 336 336 320
FE: Firm-Type X X X X X X
Time Trend X X X X X X

Table 1: Regression results. The relative price is defined in the main text. The lagged investment
rate is the lagged net investment rate scaled by the lagged net stock of capital. Age is the net
capital stock divided by the gross capital stock. Standard errors are clustered by firm and capital
type. ω̂ in columns 1, 2, 4, and 5 solve for ω in 1

1+ω = β. The third and sixth columns solve for ω

in 1
1+ω = β

1−ρ , where ρ is the coefficient on lagged maintenance.

The largest concerns are the small sample size, the lack of significant tax variation
between equipment types, and omitting utilization. To help address the first concern, I
provide a second source of evidence in the following subsection. The tax policies surely
are, but it is possible that the prices of freight and locomotive parts as well as the prices
of freight and locomotive equipment are not exogenous. After all, we have the largest
players in the U.S. freight market. At the same time, freight is a global enterprise and the
major manufacturers of locomotives and freight cars sell on the international market. For
example, General Electric was, for most of the period examined, a major supplier of loco-
motives around the world. It is difficult to address omitted variable bias from utilization
because, with current data, we cannot easily distinguish how heavily locomotives and
freight cars are utilized by firms over time. At the same time, we know it is an important
factor (Bitros 1976; Boucekkine, Fabbri, and Gozzi 2010).
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Despite these concerns, it is nevertheless encouraging that the results are favor of the
theory. Indeed, that should not be a surprise. This paper joins a number of others in
showing that the maintenance decision is economic. To my knowledge, it is the first that
shows it responds to the relative price of maintenance to investment. In a pair of papers,
Austan Goolsbee provides some of the best evidence we have. Goolsbee (1998) shows
that airplane scrappage responds significantly to tax cuts; airlines buy new planes and
scrap old ones following tax cuts. Because newer airplanes require less maintenance and
the measured stock of equipment rises, this means that airlines maintain their capital
less intensively following tax cuts.12 Goolsbee (2004) shows that tax cuts induce firms to
purchase higher quality capital goods, which in his framework means that they need to
be maintained less intensively to achieve the same depreciation rate. That agrees with
Figure 2d, which shows that a common tax cut would lead firms to substitute toward
capital with a lower γ, or equivalently, higher quality capital goods. Similarly, a number
of papers in the housing literature show that maintenance is an economically important
decision determined by economic factors (Harding, Rosenthal, and Sirmans 2007).

3.2 Evidence from Tax Records

Corporations report maintenance and repair expenditures as a line item on their tax forms
to the Internal Revenue Service (IRS). The IRS reports maintenance by industry at roughly
the three-digit NAICS level going back to 1998 and up to 2019. This, to my knowledge, is
the only wide-scale collection of maintenance data in the United States. In particular, I use
Table 13 of the Statistics of Income’s (SOI) Corporate Reports in combination with varia-
tion in tax policy exposure by industry over time to estimate the maintenance elasticity
of depreciation.

Industries vary in their exposure to tax policy because they differ in their production
technologies. Some industries use more structures, while others use more equipment.
The end result, due to differential capital taxation, is that marginal effective tax rates vary
widely by industry. This fact lies at the center of identification of the effects of tax policy
on investment going back to Cummins, Hassett, and Hubbard (1994) in the past to mod-
ern studies from Zwick and Mahon (2017) and Chodorow-Reich et al. (2023). Building
on this literature, I leverage the BEA’s fixed asset data to create a long panel of capital-
weighted marginal effective tax rates by industry. I detail how I do this in Appendix D.1.
It is largely the same procedure as previous iterations of cross-sectional tax policy analysis

12. In the model, this should translate into an increase in the depreciation rate, but accounting for vintages
gives a more complicated story.
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from, for example, House and Shapiro (2008).
I take maintenance, investment, and capital data from the SOI corporate reports on

c-corporations with positive net income. This excludes filings made with Forms 1120S,
1120-REIT, and 1120-RIC. I focus on firms with positive net income because firms without
net income do not have a distorted incentive to maintain existing capital. Because the SOI
industries change over time, I focus on using the BEA industries for a consistent mapping
rather than NAICS industries. To do that, I map each SOI industry into a corresponding
BEA industry, which is convenient because then there is a single marginal effective tax
rate for each industry. There are fifty such industries and 49 after I exclude the financial
sector. I report summary statistics for the primary variables in Table 5.

The distribution of maintenance rates in Table 5 is quite low relative to the best data we
have. Canada is the only country with good national data on maintenance and it has typ-
ically been the centerpiece of studies on maintenance (McGrattan and Schmitz Jr. 1999).
However, the national maintenance rate in Canada is close to 22%, whereas the mainte-
nance rate here is closer to 5%. That can be partially but not fully explained by the fact
that depreciation rates in Canada are roughly twice as high as in the United States (Bald-
win, Liu, and Tanguay 2015). A secondary explanation is that it is quite difficult to track
maintenance expenditures. Only airlines and freight rail are required to meticulously
track maintenance expenditures independently of other types whereas other industries
do not have the same incentive. It could easily be the case that a large share of mainte-
nance expenditures go under labor cost or some other part of costs of goods sold. From
the perspective of the firm, it is irrelevant how such expenditures are allocated because
they are not regulated at all and are tax deductible regardless.

With a starting point of (23), I examine panel regressions of the form

m̃j,t = αj + Tt + β
(
1 − τj,t

)
+ controls + ϵj,t, (25)

where αj is an industry fixed effect and Tt is a time fixed effect. Variation across exoge-
nous policy decisions is sufficient to identify the maintenance elasticity. The main threat
to this is if, for example, firms have foresight of tax policy and change their maintenance
decisions ex ante (Ramey 2016; Leeper, Richter, and Walker 2012). But following the tax
policy literature on cross-sectional analysis, I proceed as if this is not a problem. Table
2 gives regression results for (25). Column 2 uses the investment rate as a control. The
results on the tax term are significantly negative and indicate large values for the mainte-
nance elasticity.
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(1) (2) (3)

1 − τj,t -0.175 -0.162 -0.105
(0.082) (0.075) (0.049)

xj,t -0.002 -0.003
(0.001) (0.001)

mj,t−1 0.450
(0.064)

ω̂ 4.72 5.19 4.24
(2.66) (2.88) (4.38)

N 1029 980 966

Table 2: Regression results of the maintenance rate on the tax term for corporations with net
income. Standard errors are clustered by BEA industry. The investment rate is net investment
scaled by the net capital stock. ω̂ in columns one and two solve for ω in 1

1+ω = β. The third
column solves for ω in 1

1+ω = β
1−ρ , where ρ is the coefficient on lagged maintenance.

The response of the investment rate also corresponds to theory. In particular, the in-
vestment rate response is significantly negative. Given the coefficient on the investment
rate and assuming steady state depreciation around 10%, that implies the adjustment
cost is small and around 0.25. In any case, maintenance responds significantly to rela-
tive prices, which has large implications for how seriously we should take the theory in
Section 2.

We can contrast this with the maintenance behavior of all corporations, not simply
those with positive net income. Theory predicts the effect to be weaker because the opti-
mality condition for maintenance no longer binds if the firm is not taxable; there is no tax
benefit to maintaining old capital over investing in new capital. In Table 3, I run the same
regression but for all corporations regardless of whether they pay taxes. This is Table 12
in the SOI Tax Stats. Ideally, we would isolate corporations without net income but that is
not possible with the available public data. Although the coefficient is smaller, which cor-
responds to a higher maintenance elasticity, it is statistically indistinguishable from zero
in all three models. Hence, maintenance rates do not respond to relative prices. Finally,
note that the autocorrelation term for maintenance is much smaller in Column 3 of Table 3
than in Table 8, which indicates more flexible maintenance behavior among taxable firms.
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(1) (2) (3)

1 − τj,t -0.085 -0.075 -0.029
(0.066) (0.064) (0.018)

xj,t -0.005 -0.007
(0.002) (0.003)

mj,t−1 0.708
(0.040)

N 1028 978 964

Table 3: Regression results of the maintenance rate on the tax term for all corporations. Standard
errors are clustered by BEA industry. The investment rate is net investment scaled by the net
capital stock.

Taking Stock

Across the data sources, there is not clear agreement on what the maintenance elasticity
is, but it is clear that the maintenance rate responds significantly to changes in relative
prices. The SOI indicates a higher maintenance elasticity than the freight rail data by
an order of magnitude. Appendix E.1 shows how to estimate the maintenance elasticity
indirectly using the gross investment rate and shows a value in between what the SOI and
the freight rail data indicate. For the remainder of the quantitative exercises in Sections 4
and 4.2, I highlight a maintenance elasticity of one.

4 Applications to Tax Policy Analysis

In this section, I discuss two applications of the maintenance channel to analyzing tax
policy. The first is positive. I analyzes the implications of maintenance accounting for
quantitative tax policy models, with the Barro and Furman (2018) analysis of the 2017 Tax
Cuts and Jobs Act as an example. The second is normative. I discuss how maintenance
affects optimal tax policy on capital and give a quantitative example in a standard Ramsey
model.

4.1 The Tax Cuts and Jobs Act

Quantitative general equilibrium models form the basis for policy prediction and evalua-
tion. Although they vary in complexity from the quite simple Ramsey model from Barro
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and Furman (2018) analysis of the 2017 Tax Cuts and Jobs Act (TCJA) to the complex over-
lapping generations model from the Penn Wharton Budget Model, they all have in com-
mon a perpetual inventory equation with constant depreciation to iterate forward the cap-
ital stock. Indeed, this feature is shared by Chodorow-Reich et al. (2023), which provides
the most sophisticated model-based analysis of TCJA to date. Perhaps the central con-
tention of this paper is that this is neither a locally nor a globally correct approximation
to actual movements in the capital stock when maintenance—and hence depreciation—is
endogenous. One comes to quite different quantitative predictions about the effects of tax
policy in quantitative models when they are calibrated to have reasonable maintenance
elasticity parameters such that the large gains predicted by most of these models are cut
in half. I illustrate this through the lens of the Barro and Furman (2018) analysis of the
TCJA, changing only the law of motion for capital from their model to reflect the one in
this paper.

Quantitative Analysis of TCJA

The 2017 Tax Cuts and Jobs Act (TCJA) remains the largest tax reform of the postwar
era. It substantially cut corporate tax rates from 35% to 21% and altered tax wedges
between assets; lawmakers gave equipment 100% bonus depreciation and altered the cost
of capital for different types of intangibles. At the same time, policymakers introduced
new measures to combat profit shifting from tax havens abroad. For a full description of
the various changes, see Barro and Furman (2018) and Gale et al. (2018).

Here, I focus on the impact of considering maintenance on the predicted long-run
effects of the domestic tax changes. Barro and Furman (2018) provide the ideal setting
for doing so; they analyze the long-run effects of TCJA through the lens of a standard
neoclassical model with heterogeneous capital. Their model features five types of capital
(equipment, residential structures, nonresidential structures, R&D intellectual property,
and other intellectual property) and two sectors (a corporate and a pass-through sector).
Using income share data, they calibrate a Cobb-Douglas production function with those
five capital types plus labor for the corporate and pass-through sectors. The Barro and
Furman analysis yields promising results for the TCJA, predicting large increases in the
capital-labor ratio and, as a direct consequence, significantly higher output per capita.
Their approach amounts to simply computing the analytical steady state under different
capital tax policies and examining the results while implicitly assuming that the demand
for maintenance is perfectly inelastic and zero.

To demonstrate the relevance of accounting for maintenance, I compute the TCJA’s
predicted effect on the long-run capital-labor ratio for a grid of maintenance elasticities.
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For each type of capital and given a maintenance elasticity, I set the parameter γi such
that the pre-reform user cost is the same regardless of the maintenance elasticity. I group
each of the five assets into one of two major groups (structures in one category and the
remaining three in the rest). Then, for a grid of maintenance elasticities in [0, 5]× [0, 5], I
compute the predicted long-run effect on capital per capita under the assumption that all
aspects of the law are permanent and there is no crowd-out or effect on debt finance. The
latter two assumptions are just to isolate the maintenance channel.

Denote the long-run gain in output per capita with a positive maintenance elasticity as
kω = Kω/Lω and the benchmark constrant depreciation output per capita as k0 = K0/L0.
In Figure 4, I plot the ratio kω/k0. The x-axis corresponds to the value of the maintenance
elasticity for intellectual property products and equipment and the y-axis to structures.
Lower values mean that the combination of maintenance parameters (with an otherwise
identical calibration) lead to a lower predicted effect on capital per capita. The dot at (1, 1)
corresponds to both capital types sharing a maintenance elasticity of one. Based on the
empirical results in Section 3, this is currently the best estimate we have.

Figure 4 is an indication of the potentially large distortionary consequences of writing
the tax code such that the relative price of maintenance to investment is a function the
marginal tax rate. While fiscal authorities reliably focus on tax reform for the purpose of
achieving long-run growth (Romer and Romer 2010)—and this is especially true in the
case of TCJA—they may be inadvertently hindering their own chance at success by over-
looking this one quirk in the tax code. Indeed, even if the demand for maintenance re-
sponds modestly to relative prices, the predicted effects are much smaller than one would
suppose with a constant depreciation model. Given that maintenance may substantially
attenuate the effects of capital accumulation, it is plausibly one of the largest distortions in
the tax code. I return to this interpretation in the context of optimal taxation and welfare
in the following section. Figure 4 indicates how necessary it is to measure the elasticity of
demand for maintenance properly. The maintenance channel is of first-order importance
and until we understand its elasticity, it is difficult to properly evaluate the actual growth
effects of any and all of the postwar tax reforms.
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Figure 4: Comparing the NGMM to the NGM, where Kω/Lω is the predicted output per capita
under the NGMM and K0/L0 is the predicted capital per capita under the Barro and Furman
benchmark. I group the high-depreciation assets (equipment and intellectual property products)
into one category and give them the maintenance elasticity ωE, with γi set to match the pre-reform
user cost for each capital type. Low depreciation structures are in the second category and are
assigned the maintenance elasticity ωS.

4.2 Optimal Policy

The tax elasticity of the capital stock is a key determinant of the direction and quanti-
tative gains from optimal capital tax policy. Under the benchmark neoclassical model
with constant depreciation, the welfare gain from cutting taxes to zero is around 10% of
consumption-equivalent welfare (Lucas 1990). Although recent results from Straub and
Werning (2020) question the finding from Chamley (1986) and Judd (1985) that the op-
timal tax on capital is zero, Chari, Nicolini, and Teles (2020) reaffirm the Chamley-Judd
result in standard macro environments. Throughout, I have shown that maintenance
makes the stock of capital more inelastic to tax policy. Naturally, accounting for mainte-
nance reduces those gains. Larger maintenance elasticities attenuate the effect of capital
tax cuts, which means the cost of the distortion is approximately the same as the extent to
which maintenance attenuates the welfare gain of cutting taxes to zero.

29



To put a quantitative figure on the importance of maintenance for optimal tax policy, I
nest the partial equilibrium model of the firm from Section 2 into the general equilibrium
environment of Chari, Nicolini, and Teles (2020). Because the setup is fairly standard and
derivation of optimal tax policy is likewise standard, I defer details of both to Appendix
C and give a short description here instead. There is no uncertainty. Time is discrete and
runs t = 0, 1, . . . , ∞, there is a representative household with isoelastic preferences, and a
Ramsey planner setting capital and labor taxes to maximize household utility. The firm is
the same as in Section 2 but discounts the future using the household discount factor. In
this setting, maintenance does not fundamentally alter the planner’s problem. It reduces
the tax-elasticity of capital stock but because capital is only tax-inelastic in the limit, the
planner still wants to set capital taxes to zero and shift the burden entirely to labor taxes.
Indeed, it is straightforward to show that zero capital taxation is optimal across all capital
types.13

Proposition 4. Suppose the economy converges to a steady state. The steady state optimal tax on
capital is identically zero across all capital types.
Proof: See Appendix C.2.

In fact, Proposition 4 holds for all periods because I assumed additively separable
and homothetic preferences. That is, simply introducing maintenance does nothing to
make a Ramsey planner want to distort intertemporal allocations. On the other hand,
the quantitative gains from refraining from intertemporal distortions may be substan-
tially smaller than the standard model because the tax elasticity is lower. McGrattan and
Schmitz Jr. (1999) point this out in their early work on capital maintenance, but do not
quantify it. There is no closed form solution for this because it depends on the multipli-
ers, so I proceed instead with a numerical example.

One Capital Type

The most appropriate welfare benchmark is Lucas (1990). His calibration of an economy
similar to ours yields consumption-equivalent welfare gains around 10% from cutting
capital taxes to zero, which is an enormous number. In this exercise, I use a similar cali-
bration with N = 1 capital type and compute consumption-equivalent welfare from cut-
ting taxes to zero for a range of maintenance elasticities. The case with ω = 0 corresponds
directly to the benchmark neoclassical model with constant depreciation. To do the exer-
cise, I set the initial capital tax rate to 40% for each iteration of the maintenance elasticity

13. In a second-best setting in which capital has to be taxed, the planner will set capital taxes higher on
capital which has a higher maintenance elasticity.
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and set flow utility to u(c, h) = log c + ψ log(1 − h). I set ψ so that the agent works 30%
of the time when the capital tax rate is 40%. The discount rate is 6% and I calibrate the
parameter γi so that the depreciation term is 10% for every value of ω when the initial tax
rate is 40%. Production is Cobb-Douglas in capital and labor with a capital share of 1/3.
The key metric is the consumption-equivalent welfare gain λω, which I solve for in

u (c0(1 + λω), h0) = u (creform, hreform) ,

where the zero subscript corresponds to initial allocations and the reform subscripts de-
notes allocations after the tax reform.
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Figure 5: Welfare gains from cutting capital taxes to zero for varying values of ω starting from a
marginal tax rate of 40%.

In Figure 5, I plot the gains from cutting capital taxes to zero for varying values of
ω starting from a marginal tax rate on capital of 40%. Labor taxes adjust such that the
government budget constraint is satisfied. The welfare gain is around 10% for ω = 0,
which is approximately the same gain as in Lucas’s benchmark. However, the welfare
gain declines substantially as ω increases. Indeed, it is nearly halved with a moderate
value of ω = 1.

Figure 5 can be understood as reflecting the cost of leaving the maintenance-investment
distortion in the tax code before lowering tax rates on capital. That is, if maintenance re-
mains distorted before lowering tax rates, then depreciation adjusts upward and capital
does not increase as much as expected. In that sense, the government works at cross pur-
poses with itself by leaving the maintenance-investment decision distorted prior to em-
barking on pro-growth tax policies which litter the history of postwar tax reform (Romer
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and Romer 2010). At the same time, removing the distortion would induce capital to de-
preciate faster, so it is far from obvious how to time removing the distortion given that it
is already baked into tax codes around the world.

Heterogeneous Capital

In this subsection, I consider instead what happens to the welfare gains from cutting
taxes when N = 2. The only adjustment to the model is that production is now Cobb-
Douglas in two types of capital, which I call equipment and structures. They have equal
capital shares summing to 1/3. Initial depreciation is set to 10% for equipment and 3%
for structures. The remainder of the calibration is the same.

Figure 6: Welfare gain from cutting taxes to zero on from an initial common tax rate of 40%. The
calibration is the same as in the exercise for N = 1, with the exception that the initial depreciation
rate for structures is 3% and for equipment it is 10%. The capital shares are equal and sum to 1/3.

In section 2.2, I showed that differing depreciation technologies can lead to quite dif-
ferent effects of tax policy despite common tax treatment. For example, the ratio of equip-
ment to structures is equal for all values of the corporate tax rate, all else equal. That is
not true when the maintenance channel operates. In Figure 6, I plot the welfare gains
for cutting capital taxes to zero when initially both are taxed at 40%. The gradient of the
welfare grid indicates that the welfare gain for cutting taxes remains substantial when the
maintenance elasticity on structures is very high, but the same is not true for equipment.
The intuition follows from examination of Proposition 2. For a given ω, the parameter γS
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is significantly smaller than γE because structures last for longer irrespective of mainte-
nance. For structures, that increases the importance of the discount rate as a share of user
cost. That means the strength of the maintenance channel is muted relative to equipment.

In recent years, the government has increasingly relied on bonus depreciation for stim-
ulus and now growth policy (House and Shapiro 2008; Barro and Furman 2018). This
policy cuts the marginal effective tax rate on equipment to zero at the federal level with
the caveat that some states do not allow bonus depreciation. In Figure 7, I illustrate the
welfare gains from a variant of this policy. On the left, I plot the welfare gains from cut-
ting the tax on structures to zero from 40% assuming that equipment is already untaxed
and then I do the same with the roles reversed on the right. Clearly, the welfare gains
from cutting taxes to zero for structures far exceeds that for equipment holding the main-
tenance elasticity fixed. Largely, that is because of variation in depreciation technologies.
Maintenance plays a larger role in muting the effects of tax policy when depreciation is
large relative to the discount rate and that is more true for equipment than structures.
Again, this is in line with the result from House (2014) that structures are more price elas-
tic. Hence it follows that cutting taxes to zero for structures has larger welfare gains in
the long run. However, the key distinction here is that because of curvature in the de-
preciation function, the resulting equilibrium allocations can be quite different than what
would be predicted with the constant depreciation model from House (2014).

(a) Structures (b) Equipment

Figure 7: Welfare gain from cutting taxes to zero on structures (left) and equipment (right). On the left,
I experiment with cutting the marginal effective tax rate from 40% to zero holding the equipment tax rate
at zero. I do the same but with roles reversed for equipment on the right. The calibration is the same as
in the exercise for N = 1, with the exception that the initial depreciation rate for structures is 3% and for
equipment it is 10%. The capital shares are equal and sum to 1/3.

Congress has largely avoided granting bonus depreciation to structures because it
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would be too expensive. At the same time, Figure 7 indicates that the gains from doing so
would be substantially larger than fixating on equipment. Other factors may mitigate in
favor of equipment over structures, but they are not in any of the benchmark tax models.
Indeed, we have a recent example of structures getting a large write-off relative to equip-
ment. Until 1981, railroads used retirement-replacement-betterment accounting, which
meant that they would only write off capital assets when they retired or replaced them.
Following the Economic Recovery Tax Act of 1981, freight railroads received a large tax
break by getting to write off a large percentage of their capital stock immediately. Al-
though railroads are only a small percentage of the total capital stock, it was nevertheless
significant in terms of revenue. With that in mind, it may be wise to balance out tax cuts
for equipment and structures to a greater extent than the 21st century has seen so far.

5 Concluding Remarks

In this paper, I discuss the theoretical, empirical, and quantitative relevance of account-
ing for endogenous maintenance and depreciation in the context of capital tax policy. I
provided a parsimonious and flexible framework for evaluating the likely consequences
on the short-run and long-run impacts on allocations of maintenance, investment, and
capital for heterogeneous capital. Additionlly, I provided two novel sources of evidence
on the price elasticity of maintenance. First, I put together an entirely new dataset on
the maintenance and investment behavior of Class I freight railroads using financial fil-
ings from the Surface Transportation Board. Second, I leveraged maintenance data from
corporate tax returns at the industry level from the IRS. Using those estimates together
with indirect data from Compustat, I inferred that the maintenance elasticity is plausibly
around one. Quantitatively, this indicates a tax elasticity of the capital stock about half as
large as we would predict using the standard constant depreciation neoclassical model.
Since this elasticity determines the quantitative gains to tax policy in both a positive and a
normative sense, accounting for depreciation is quantitatively critical for accurately pre-
dicting the likely short-run and long-run effects of tax policy changes.

More work needs to be done by economists on rigorously evaluating the empirical
maintenance demand curves by capital type, which requires, in turn, that government
agencies take a more active role in making maintenance data available to them. Given the
groundwork laid here and in prior work by McGrattan and Schmitz Jr. (1999) and Gools-
bee (2004), the case for public finance and macroeconomists to undertake these studies is,
I think, too big to ignore.
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A Optimal Maintenance Policy and Measurement Error

Another interpretation of optimal maintenance is through measurement error. Because de-
preciation is contingent on tax policy, any measure of depreciation is a function of current
policy. Note that this has potentially large implications for quantitative analyses of tax
policy that rely on user cost. Long-run estimates of the effects of capital taxation will be
biased by the extent to which the proposed tax policy change is different from tax policy at
the time depreciation was initially measured. This is particularly relevant for the United
States, where many measures of depreciation still used today are from the 1970s, when
taxes were much higher than today. Canada, which updates depreciation more frequently
than the United States, shows a decline of measured depreciation together with business
taxes (Baldwin, Liu, and Tanguay 2015). Viewed through the first-order condition for
maintenance, the degree of measurement error depends crucially on both parameters ωi

and γi. While a positive maintenance elasticity makes measurement possible, the quality
parameter determines how much the effect is amplified. For example, the γ parameter
for equipment is probably much larger than structures, which means that the degree of
measurement error is likely larger in levels for equipment.

The degree of potential for measurement error is useful to illustrate numerically. Sup-
pose there are two capital types: E and S. Depreciation functions are parameterized by
γE = γS = 0.01 with ωE = 1 and ωS = 0.1. Hence type E has a higher maintenance
elasticity. Suppose depreciation was initially measured when τE = τS = 50%. Let mea-
surement error for capital type i = E, S be defined as

Measurement Errori = 100 ×
(

γi

(
1 − τi

γiωi

) ωi
1+ωi − γi

(
1 − 0.5

γiωi

) ωi
1+ωi

)
.

A measurement error of two would correspond to actual depreciation two percentage
points higher than the official depreciation rate. In Figure 8, I plot measurement error
curves for both capital types as a function of the tax rate τi. Larger elasticities correspond
to larger measurement error.
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Figure 8: Measurement error curves for differing values of the maintenance elasticity, holding
quality fixed at γE = γS = 0.01.

The quality of capital amplifies the degree of measurement error for a given mainte-
nance elasticity. Now suppose the depreciation functions are parameterized by γE = 0.05
and γS = 0.005 with ωE = ωS = 1. This implies capital type E is lower quality and hence
depreciates faster. In Figure 9, I plot measurement error curves for both capital types as
a function of the tax rate τi. Clearly, the extent of measurement error is more serious for
lower quality capital. When the marginal effective tax rate is zero percent, measurement
error is five for capital type E compared to two for capital type S. Practically speaking,
this may be an important issue for equipment and structures, which have quite differ-
ent depreciation rates and have both seen large declines in marginal effective tax rates
since initial measurement. In quantitative models featuring depreciating capital, failure
to account for this may lead to incorrect conclusions.
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Figure 9: Measurement error curves for differing values of capital quality, holding fixed the main-
tenance elasticity at ωE = ωS = 1.

B Dynamic Adjustment

The log-linearized system of equations to the firm’s problem is

w̃t =
FHH HH̃t + ∑N

i=1 FHKi KiK̃i,t

FH
(26)

m̃i,t =
1

1 + ωi

(
τ̃c

t
1 − τc + λ̃i,t

)
(27)

δ̃(mi,t) = − ωi

1 + ωi

(
τ̃c

t
1 − τc + λ̃i,t

)
(28)

x̃i,t =
1

biδi(mi)

(
λ̃i,t +

τ̃x
i,t

1 − τx
t

)
(29)

K̃i,t+1 =
(

1 − γi(ωi + 1)m−ωi
i

)
K̃i,t + X̃i,tγm−ωi

i + γiωim−ωi M̃i,t (30)

λ̃i,t(1 + rk)(1 − τx
i ) = Et

{
−FKi τ̃

c
t+1

1 − τc + λ̃i,t+1λi

(
1 − γi(1 + ωi)m

−ωi
i

)
+ λbiδi(mi)x̃t+1 + λiωiγi (1 + ωi)m−ωi

i m̃i,t+1

+
(1 − τc)

FKi

(
FKi H HH̃t+1 +

N

∑
j=1

FKiKj KjK̃j,t+1

)}
(31)
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B.1 N = 1

Suppose that there is one capital type and production is Cobb-Douglas in capital and
labor. τc

t follows the dynamic adjustment cost exercise. I calibrate the tax shock process
such that the steady state corporate tax rate declines from 35% to 23%.

Parameter Value

rk 0.06

α 0.4

ρ 0.9

τc 0.35

τx 0.2

ω 1

γ 0.01

b {0, 1, 5, 20}

Table 4: Calibrated parameters

Figure 10 plots impulse responses of the corporate tax rate, the capital-labor ratio, and
the output-labor ratio in response to a surprise increase in the tax rate by ten percentage
points.. Evidently, impulse responses become more hump-shaped as the adjustment cost
increases. In extreme cases, when the adjustment cost is very large, the sign of main-
tenance reverses from the frictionless case, which also makes depreciation switch signs
initially.
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Figure 10: Impulse responses of the capital-labor ratio and output-labor ratio to a surprise increase
in the tax rate from 35% to 45%.

C Optimal Policy

This subsection discusses the model environment for the optimal tax problem. I largely
follow the derivation of Chari, Nicolini, and Teles (2020) to show how maintenance al-
ters the benchmark. Time is discrete and runs t = 0, 1, . . . , ∞. There is no uncertainty.
There is a representative firm, a representative household, and a government which sets
taxes to maximize household utility. For the sake of clarity, I assume the pre-tax prices of
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maintenance and investment are equal to one.

Representative Firm. The representative firm is largely the same as in Section 2. It
chooses sequences of capital, investment, maintenance, and labor to maximize the present
value of dividends ∑∞

t=0 qtdt, where dt is exactly as in (6). There are three differences. The
first, which is inconsequential, is how the firm discounts the future. Letting qt represent
the price of one unit of the period-t good in terms of a good in period zero, the interest
rate between periods is given by

qt

qt+1
≡ 1 + rt, q0 = 1.

Second, I assume that the production function is constant returns to scale. Third, I assume
there are no adjustment costs because the ultimate focus is on the steady state. Optimality
conditions are the same as in Section 2. Combining these conditions implies that the
present discounted value of dividends is given by

∞

∑
t=0

qtdt =
N

∑
i=1

Ki,0

[
(1 − τc

0)
(

FKi,0 − mi,0

)
+
(
1 − τx

i,0
)
(1 − δi (mi,0))

]
. (32)

Representative Household. A representative household has preferences over con-
sumption c and labor H given by

∞

∑
t=0

βtu(ct, Ht). (33)

Because I am explicitly interested in only showing the effect of one deviation from the
standard case, suppose preferences are standard in the sense of Chari, Nicolini, and Teles
(2020), i.e., they are homothetic and additively separable. β ∈ (0, 1] is the discount factor
embodying the required return on capital rk. The household earns labor income wtHt

and dividend income from the representative firm and trades shares of the firm st+1 at
ex-dividend price pt, leading to the budget constraint

ct + ptst+1 +
bt+1

1 + rt
= (1 − τh

t )wtHt + ptst + dtst + bt, (34)

where s0 = 1 and initial bonds are b0. Choosing sequences of consumption, labor, and
shares of the firm to maximize (33) subject to (34) and a transversality condition given by
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limT→∞ qt+1bT+1 ≥ yields first-order conditions given by

−u′(Ht) = (1 − τh
t )wtu′(ct) (35)

u′(ct) = βu′(ct+1)(1 + rt) (36)

1 + rt+1 =
pt+1 + dt+1

pt
. (37)

We can put together the household budget constraint with the net present value of the
firm and the no-Ponzi condition to arrive at a lifetime budget constraint for the household.
No-arbitrage clearly requires that the return on each capital type must equal the return on
bonds. The transversality condition implies that the price of the stock equals the present
value of future dividends, i.e.,

pt =
∞

∑
s=0

qt+1+s

qt
dt+1+s. (38)

We can combine the transversality condition and the flow budget constraint to obtain a
lifetime budget constraint:

∞

∑
t=0

qt

[
ct −

(
1 − τh

t

)
wtHt

]
≤ p0s0 + d0s0 + b0 (39)

Substituting for the price of the stock and applying (32), we arrive at

∞

∑
t=0

qt

[
ct −

(
1 − τh

t

)
wtHt

]
≤ W0, (40)

where

W0 ≡ b0 +
N

∑
i=1

Ki,0

[
(1 − τc

0)
(

FKi,0 − mi,0

)
+
(
1 − τx

i,0
)
(1 − δi (mi,0))

]
.

Finally, the aggregate resource constraint is

ct + Gt +
N

∑
i=1

(Xi,t + Mi,t) = Yt. (41)

I do not explicitly specify the government budget constraint because it is implied by mar-
ket clearing and the household budget constraint.
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Definition 1. A competitive equilibrium for this economy is a set of allocations {ct, Ht, dt, st} and
{K1,t+1, . . . , KN,t, M1,t, . . . , MN,t}, prices {qt, pt, wt} and policies {τc

t , τh
t , τx

1,t, . . . , τx
N,t} given

initial allocations {K0,1, . . . , K1,N, b0, s0} such that households maximize utility subject to their
constraints, firms maximize the net present value of dividends subject to their constraints, markets
clear such that the aggregate resource constraint is satisfied, and st = 1 for t = 1, . . . , ∞.

C.1 The Policy Cost of Maintenance

The first-best problem allows the government to set taxes freely on capital of all types and
labor. To characterize first-best policy, I take the primal approach. That is, I substitute
prices and taxes from the household’s optimality conditions into the budget constraint to
obtain the set of implementable allocations:

∞

∑
t=0

βt
[
u′(ct)ct + u′(Ht)Ht

]
≥ u′(c0)W0 (42)

Proposition 5. Any implementable allocation satisfies (41) and (42).
I omit the proof because it follows directly from Chari, Nicolini, and Teles (2020). The

Ramsey problem is to choose an allocation that maximizes household utility subject to
implementability and feasibility. Let Φ be a multiplier on (42) and define the transformed
utility function

V (ct, Ht, Φ) = u(ct, Ht) + Φ
(
u′(ct)ct + u′(Ht)Ht

)
. (43)

Now, with the Lagrangian

J =
∞

∑
t=0

βt

{
V(ct, Ht, Φ)

+ θt

[
F(K1,t, . . . , KN,t, Ht) +

N

∑
i=1

[
(1 − δi(mi,t))Ki,t − Ki,t+1 − Mi,t

]
− Gt − ct

]}
− Φu′(c0)W0

(44)

and the first-order conditions to (44), we can arrive immediately at our main result for
this subsection.
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C.2 Proof of Proposition 4

Proposition 4. Suppose the economy converges to a steady state. The steady state optimal tax on
capital is identically zero across all capital types.

Proof. For t ≥ 1, the first-order conditions to (44) are:

V′(ct) = βV′(ct+1)
(

FKi,t+1 + 1 − δi(mi,t+1) + δ′i(mi,t+1)mi,t+1

)
for i = 1, . . . , N

(45)

V′(ht) = −V′(ct)Fht (46)

−δ′i(mi,t+1) = 1 for i = 1, . . . , N (47)

There are two proof options. First, the more traditional route is to focus on the Euler
equations. If the economy converges to a steady state, then V′(ct) converges to a constant.
This is guaranteed immediately from the assumption on preferences. Hence the planner’s
Euler equation for each capital type becomes

1 = β
(

FKi + 1 − δi(mi) + δ′i(mi)mi
)

. (48)

Note, moreover, that 1 + rt must converge to 1/β. Consequently, no arbitrage across
bonds and capital requires that

1 = β

[
1 − τc

1 − τx
i

FK + 1 − δi(mi) + δ′i(mi)mi

]
for i = 1, . . . , N (49)

Clearly, (48) and (49) together imply that τi ≡ 1 − 1−τc

1−τx
i
= 0. However, a simpler route

is instead to compare the decentralized first-order condition for maintenance with the
planner’s. The planner’s first-order condition for maintenance features no distortions,
from which it is immediate that there are no intertemporal distortions in steady state.

D Data

This section details the data construction for Section 3. I start by discussing the con-
struction of tax policy variables because they are central to all three subsections and then
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sequentially discuss data for the Statistics of Income, freight railroads, and Compustat.

D.1 Tax Policy Construction

Toward creating a database of industry marginal effective tax rates (METR) on corporate
capital, I combine data from the BEA and the IRS to follow the methodology of House
and Shapiro (2008). Tax rates may differ between industries because there are differences
in how assets are taxed and the mix of assets owned by industries may differ. Conse-
quently, as long as we know who owns which assets and the tax rates on those assets,
we can construct an industry-specific marginal effective tax rate. The Fixed Asset Tables
from the BEA are convenient for this purpose for two reasons. First, Section 2 of the Fixed
Asset tables contains data on 36 physical assets which are relatively easy to map to tax
policy, make up the vast majority of physical investment, and can be categorized as either
equipment or structures. I focus on these assets over the period 1971-2021, which spans
the Asset Depreciation Range (ADR) System from 1971-1981, the Accelerated Cost Recov-
ery System (ACRS) from 1982-1986, and the Modified Accelerated Cost Recovery System
from 1987-2021. Second, the underlying detailed estimates for nonresidential investment
can be mapped from BEA industries into three-digit NAICS codes. The BEA provides a
bridge for this purpose.

There are three steps to constructing industry-specific marginal effective tax rates:

1. Calculate asset-specific marginal effective tax rates τi,t for asset i.

2. For each industry j, compute asset weights αa
i,j,t.

3. Putting Steps 1 and 2 together, compute the industry-specific tax rate as

τj,t =
N

∑
i=1

αi,j,tτi,t

where there are N types of capital and ∑N
i=1 αi,j,t = 1.

I go through each step in turn.

Asset-Specific Tax Rates

Define the asset-specific METR as

τa
i,t = 1 − 1 − τc

t
1 − ITCa

i,t − za
i,tτ

c
t

, (50)
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where τc
t is the corporate tax rate, ITCi,t is the investment tax credit on asset i, and zi,t

is the net present value of tax depreciation allowances on asset i. Hence there are three
components for each asset. First, the corporate tax rate τc

t is straightforward to obtain.
Second, the investment tax credit ITCi,t is slightly more difficult. Investment tax credits
vary substantially by asset type but have been irrelevant since the Tax Reform Act of
1986. I take the ITC for each asset from House and Shapiro (2008), who study the effects
of bonus depreciation on investment across the same 36 assets from the BEA that I use to
construct this database. They originally obtained data on the ITC from Dale Jorgenson.

zi,t is more difficult and requires some level of judgment. Suppose an asset has al-
lowable depreciation Da

i,t and define da
i,t as the share of the asset’s allowable depreciation

under tax law each period. This is nontrivial because companies are allowed to use dif-
ferent methods of depreciation. For each asset j, I define the present value of depreciation
allowances as

za
i,t =

∞

∑
t=0

(
1

1 + rk

)t
da

i,t.

I assume that rk = 0.06. While this assumption is clearly not innocuous, it is compara-
ble to some of the recent literature. This is the same discount rate as in Chodorow-Reich
et al. 2023, but is lower than in Barro and Furman (2018) and Gormsen and Huber (2022).
Earlier literature on tax policy from the 1980s (see, e.g., Auerbach (1983) and Jorgenson
and Yun (1991)) tends to use lower discount rates. zi,t varies both across assets and be-
tween tax eras. I discuss each era in chronological order. I relied heavily on Brazell,
Dworin, and Walsh (1989) for understanding each era.

ADR (1971-1981. The ADR period marked a simplification from the earlier Bulletin
F period, where there were hundreds of asset classes. However, the ADR period was
still more complex than the tax rules that would follow. Most assets were depreciated
according to standards that were industry-specific, which makes it challenging to map
them to modern BEA tables. However, because the BEA asset categories are relatively
broad and the ADR-recommended live lengths are similar among the assets that would
go in each category, I simply assign the most common median life length within each
category. Because the life length determination requires some judgment, there is surely
some degree of error. For equipment, I assume firms follow a double declining balance
method, while structures use straightline depreciation. I use the Treasury publication
“Asset Depreciation Range System” published in 1971 to assign life lengths.

ACRS (1982-1986). The ACRS simplified the ADR into eight asset classes and signif-
icantly decreased depreciation lives. I assigned each BEA asset into its a class using IRS
publication 534 and used the double-declining balance method for all assets.
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MACRS (1987-Present). The Tax Reform Act of 1986 changed depreciation schedules
and got rid of the ITC while retaining much of the simplicity of the ACRS era. House
and Shapiro (2008) map each asset to a corresponding depreciation table in IRS Publica-
tion 946. I use their matching scheme and assumptions about which depreciation method
firms use. For example, most equipment is depreciated with the double-declining bal-
ance method, while structures are often depreciated with the straightline method. Using
the House-Shapiro mapping scheme, it is straightforward to compute zi,t. However, the
U.S. government has allowed firms to take bonus depreciation on certain types of capital
investment. Defining θt as the allowable bonus depreciation in year t, let the net present
value of tax depreciation allowances be

z̃a
i,t

θ + (1 − θt)za
i,t if eligible

za
i,t if ineligible,

(51)

where z̃a
i,t takes the place of za

i,t in equation 50. At various points, θ = 1 for some assets, so
the marginal effective tax rate is zero. Conveniently, House and Shapiro (2008) also map
whether or not each BEA asset is eligible for bonus depreciation, so I use their mapping.

Weights

To get the industry-asset weights αi,j,t within each major asset category, I use the under-
lying detail data from the BEA Fixed Asset Table. Each BEA industry has a matrix of
assets for nominal investment, real investment, and historical and current-cost net capital
stocks and depreciation. I use capital weights from the current year to determine weights
on each asset for each industry. That is,

αi,j,t =
ka

i,j,t

Ka
j,t

,

where ki,j,t is stock of capital type i from industry j and Kj,t is the total capital stock in
year t by industry j in the corresponding major asset category. I restrict attention to the 36
assets I obtain METRs for. Of course, I could have also used stocks as weights or previous
year investment flows or some rolling average of investment flows. The results are largely
similar regardless.

Putting together weights weights and marginal tax rates, the marginal effective tax
rate on industry j is

τj,t =
36

∑
i=1

αi,j,tτi,t.
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Figure 11: Marginal effective tax rates for NAICs industries from 1971-2022.

Using the BEA-NAICS bridge, we then have prices and tax rates for each three-digit
NAICS industry. I plot the time series of tax rates for each industry in Figure 11.

D.2 SOI

Return Type Variable Mean 10th Percentile Median 90th Percentile Count

Taxable (Table 13)
xj,t -0.093 -0.585 0.054 0.485 1029
log Kj,t 16.936 14.954 17.085 18.676 1029
mj,t 0.051 0.018 0.039 0.100 1029
log Mj,t 13.729 11.770 13.954 15.347 1029

All Returns (Table 12)
xj,t 0.037 -0.137 0.062 0.197 1029
log Kj,t 17.355 15.385 17.505 19.029 1029
mj,t 0.049 0.018 0.037 0.093 1029
log Mj,t 14.129 12.258 14.270 15.567 1029

1 − τj,t 0.861 0.791 0.857 0.928 1029
year 2008.114 2000.000 2008.000 2017.000 1029

Table 5: Summary statistics for SOI data. The top part of the table corresponds to Table 13 in
the SOI tax stats, which contains firms with taxable income. The bottom corresponds to Table 12,
which corresponds to all firms (and hence many without taxable income). I filter out industries
which have a maintenance rate less than or equal to zero or greater than one. There is some atten-
uation after 2014 because the IRS switched to reporting more granular industries, so a small share
of industries in those years do not disclose maintenance expenditures to maintain confidentiality.
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D.3 Freight Rail

Data

This paper uses data from annual R-1 financial reports filed by large freight rail compa-
nies to provide evidence on the demand elasticity of maintenance from 1996-2022. R-1
reports contain about twenty different “schedules” which correspond to different infor-
mation about the railroad. For example, Schedule 410 has several hundred line items on
different operating expenses broken down by labor and material cost. These expenditures
are largely maintenance on different aspects of railway operations from tracks to rail ties
to electrical systems, and so on. For this paper, I maintain a relatively narrow focus on
freight cars and locomotives because they are easiest to identify in the data, although
there is probably interdependence between maintenance of one capital type and another.

We need to construct two variables: the maintenance rate and relative prices. I use the
sum of Schedule 410 Lines 202-204 for locomotive maintenance and the sum of Sched-
ule 410 Lines 221-223 for freight car maintenance. These expenditures are the only ones
which clearly and directly affect only locomotives and freight cars, respectively. I use
Schedules 330-335 to construct the denominator of the maintenance rate. Conveniently,
the R-1 breaks down property, plant, and equipment into approximately forty different
categories, which allows me to isolate which ones are locomotives and freight cars. By
comparison, there is no way to distinguish equipment from structures in Compustat. I
use the net stock of each capital type as the denominator for the maintenance rate.14 I
also use Schedules 330-335 to extract information on net investment rates and retirements,
which are the other main variables in the analysis.

Summary statistics for railroad variables are in Table 6. One can see that maintenance
is typically far more important than investment. The net investment rate is on average
eight times lower than the maintenance rate for freight cars, while the maintenance rate
is about 1.5 times greater for locomotives. This is quite different from the aggregate data
we have from Canada, which generally show investment about twice as large as mainte-
nance. The difference plausibly comes down to two factors. First, it is likely the aggregate
Canadian data understate the magnitude of maintenance because it is plausible that inter-
nal maintenance is under-reported. Second, maintenance is almost surely more important
for a stable and mature industry than it is for a growing industry. Freight rail is and has
been both mature and stable for the last several decades.

14. Of course, this presents a problem because this paper’s theory is that accounting with the perpetual
inventory method is locally correct, but will sum up to large errors in the long run. Nevertheless, I use the
net stock because there is not a better option.
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Type Variable Mean 10th Percentile Median 90th Percentile Count

Freight K 1191188.456 176224.673 1258970.039 2322413.138 175
M/K 0.221 0.077 0.161 0.462 175
Main. 221251.537 34224.776 183565.659 506977.748 175
R/K 0.050 0.007 0.038 0.110 175
X/K 0.030 -0.063 0.003 0.121 175

Locomotives K 2079419.150 107459.717 2107594.232 4497553.363 161
M/K 0.195 0.098 0.157 0.355 161
Main. 315128.586 34899.122 278999.121 734459.050 161
R/K 0.049 0.003 0.022 0.120 161
X/K 0.120 -0.015 0.070 0.238 161

Table 6: Summary statistics for variables from R-1 statements. All variables are deflated by the
investment deflator defined in the text except for maintenance, which is deflated with the main-
tenance deflator. K is the net capital stock, M/K is the maintenance rate, Main. is the level of
maintenance, R/K is the ratio of the value of retirements to the net stock capital stock, and X/K is
the ratio of net investment to the net capital stock. Data for locomotives are for 1996-2019 and for
freight cars from 1996-2021. The difference is because of the availability of price indices.

The main dependent variable of interest is the after-tax relative price of maintenance
to investment. There are three components to this:

1. Price of maintenance. I take national price indices for the cost of freight and lo-
comotive parts together with a maintenance labor cost index from the Bureau of
Labor Statistics. Schedule 410 breaks down maintenance expenditures by labor cost
and materials. I use these expenditures to construct weights for labor and materials
costs and construct price indices specific to each firm and capital type using those
weights.

2. Price of investment. The price of investment does not vary by firm, only by capital
type. It is simply the BLS’s price index for locomotives and freight cars.

3. Tax term. The tax term varies by firm but not by capital type because rolling stock
are taxed at the same rate. However, there is variation between firms because firms
vary in their geographic area and hence their exposure to state tax policy. R-1 Sched-
ule 702 details the mileage of track by state for each firm. I use that information to
construct a weighted tax term. I extend the dataset of Suárez Serrato and Zidar
(2018) to construct the tax term through 2019.

Putting items 1-3 together, I plot the relative price of maintenance to investment for
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each capital type and firm in Figure 3 in the main text. A great deal of the variation
between freight and locomotives is driven by differences in labor intensity.

E Evidence from Compustat

This section discusses how Compustat is utilized in the paper. Appendix E.1 discusses
how indirect evidence from the relationship between gross investment rates and tax pol-
icy can help identify the maintenance elasticity.

The data from Compustat are from the period 1972-2022. The filtering steps are fairly
standard. To be in the sample, firms must have

• Positive sales, capital expenditures, total assets, and depreciable property;

• A gross investment rate between zero and one;

• An industry code;

• At least two consecutive years of data.

I use the historical NAICS code variable (naicsh) for industries after 1985. Prior to
1985, I use Decelles and Schaller (2021) to map SIC to NAICS codes. If firms have a gap in
the data, then I treat them as separate firms. The main variables are capital expenditures
(capx), sales (sale), capital stock (ppent), and total assets (at). Firms are matched to indus-
try tax rates described in Appendix D.1 using the BEA’s industry crosswalk. Summary
statistics are in Table 7.

Variable Mean 10th Percentile Median 90th Percentile Count

log atj,t 5.521 2.175 5.459 8.900 226453
log Xj,t 1.921 -1.778 1.907 5.690 226453
log Kj,t 3.754 0.153 3.609 7.633 226453
∆ log Salej,t 0.062 -0.201 0.066 0.336 200524
1 − τj,t 0.860 0.790 0.849 0.937 226453

Xj,t
Kj,t−1

0.246 0.047 0.185 0.545 226453

year 1999.772 1981.000 2000.000 2017.000 226453

Table 7: Summary statistics for Compustat variables.
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E.1 Indirect Evidence of the Maintenance Elasticity

As a final step, we can generate indirect evidence on the maintenance elasticity using the
model in Section 2. Proposition 1 yields the result that the elasticity of substitution be-
tween the maintenance rate and the investment rate is ω

1+ω . Suppose firms differ in their
capital compositions so that γj varies between firms and the firm-specific marginal effec-
tive tax rate differs for the same reason.. In steady state, each firm j’s gross investment
rate is

Xj

Kj
= γj

(
1 − τj

γjω

) ω
1+ω

.

Taking logs,
log xj = Cj +

ω

1 + ω
log(1 − τj) (52)

where Cj is a constant. A regression of the log gross investment rate on the tax term is
therefore informative about the maintenance elasticity. On the other hand, this requires
similarly restrictive assumption as in Koby and Wolf (2020), which maps the partial equi-
librium price elasticity of investment to a general equilibrium model. In particular, firms
must face no financial frictions and the cross-section of firms must be roughly in steady
state. Given that I will study (52) with Compustat data, the first assumption is plausible.
The second assumption is implausible without controlling for sources of growth for the
firm. On the other hand, even if neither of those assumptions hold in practice, what we
find in the data would be biased downward. Finally, we must assume that the mainte-
nance elasticity does not vary by firm.

I estimate the panel regression

log xj,t = αj + Tt + β log(1 − τj,t) + controls + ε j,t

where αj is a firm fixed effect, Tt is a time fixed effect, and β ≡ ω
1+ω maps into the mainte-

nance elasticity. Using annual data from Compustat from 1973-2022, I construct the gross
investment rates using the ratio of capital expenditures (CapX) to the net stock of prop-
erty, plant, and equipment (PPENT). This paper’s theory suggests that the denominator
is mismeasured, but the degree of bias is small in a static regression. Following Cummins,
Hassett, and Hubbard (1994) and Zwick and Mahon (2017), I construct industry-specific
tax rates by matching BEA industry fixed asset data to the corresponding assets within
the tax code. Differences between firms in exposure to tax policy give the necessary vari-
ation to identify the coefficient on tax policy. I then match these tax rates to firms based
on their historical industry codes.
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Results for the regression are in Table 8 with standard errors clustered by firm. The
first column contains no controls, while columns 2-4 contain controls for size using the
firm’s total assets, sales growth, and the lagged investment rate. In principle, these con-
trols help mitigate concerns about the steady state assumption. Across all specifications,
the coefficient on tax policy is large and positive. In the fifth row, I show the point esti-
mate for ω̂ = β̂/(1− β̂) with associated standard errors computed with the delta method.
Column 1 indicates a maintenance elasticity close to six after inversion, while Column 4,
which is probably the most trustworthy regression, indicates a value around 1.5. How-
ever, only the third and fourth columns have statistically significantly positive mainte-
nance elasticities at the ten percent level. Naturally, that is because dividing a normally
distributed variable by a normally distributed variable—which is what I do to estimate
ω̂—results in the Cauchy distribution, which has poor statistical properties for the second
moment.

(1) (2) (3) (4)

log(1 − τj,t) 0.852 0.629 0.553 0.609
(0.179) (0.182) (0.147) (0.141)

log Assetsj,t 0.200 0.124 0.096
(0.007) (0.006) (0.006)

log(xj,t−1) 0.288 0.286
(0.005) (0.005)

∆ log Salesj,t 0.364
(0.011)

ω̂ 5.749 1.694 1.237 1.555
(8.145) (1.324) (0.733) (0.923)

N 226453 226453 200524 200524

Table 8: Regression results for indirect estimation using Compustat data from 1973-2022. Standard
errors clustered by firm. The second row from the bottom estimates ω̂ = β̂/(1− β̂) and computes
standard errors using the delta method.

55


	Introduction
	The Transmission of Tax Policy with Capital Maintenance
	Model
	Equilibrium Allocations in Steady State
	Dynamic Adjustment

	Endogenous Maintenance: Two Sources of Evidence
	Evidence from Freight Rail
	Evidence from Tax Records

	Applications to Tax Policy Analysis
	The Tax Cuts and Jobs Act
	Quantitative Analysis of TCJA

	Optimal Policy
	One Capital Type
	Heterogeneous Capital


	Concluding Remarks
	Optimal Maintenance Policy and Measurement Error
	Dynamic Adjustment
	N =1

	Optimal Policy
	The Policy Cost of Maintenance
	Proof of Proposition 4

	Data
	Tax Policy Construction
	SOI
	Freight Rail
	Data


	Evidence from Compustat
	Indirect Evidence of the Maintenance Elasticity


